Introduction
============

Breast cancer is the most frequently diagnosed malignancy in women worldwide and ranks as the second leading cause of cancer death among females.[@b1-ott-11-4087] Patients with breast cancer usually have some typical signs, such as a change in breast shape, a lump in the breast, fluid coming from the nipple or dimpling of the skin, which affect their mental and physical health.[@b2-ott-11-4087] Several risk factors have been reported to be closely correlated with the occurrence of breast cancer, including obesity, alcohol abuse, lack of physical exercise, childbearing absence or family history.[@b3-ott-11-4087] Although great efforts have been made regarding cancer treatment, the morbidity and mortality of breast cancer are increasing on a yearly basis.[@b4-ott-11-4087] Currently, advanced therapeutic strategies are presented, such as operative surgery, chemotherapy, radiotherapy, and hormonotherapy, however, the prognosis and outcomes of patients with breast cancer remain dismal.[@b5-ott-11-4087] Therefore, it is crucial to improve the prognosis to meet the clinical requirements for breast cancer.

MicroRNAs (miRNAs) represent a series of small and non-coding RNA molecules with important gene expression regulatory functions on post-transcriptional levels.[@b6-ott-11-4087]--[@b8-ott-11-4087] By targeting the 3′ untranslated region (3′-UTR) of the targeted messenger RNAs (mRNAs), miRNAs are involved in the translation or degradation of the mRNAs, thus modulating expression of genes.[@b9-ott-11-4087] Evidence has revealed that miRNAs serve pivotal roles in diverse biological processes, such as cell proliferation, differentiation, migration, invasion, and apoptosis.[@b10-ott-11-4087],[@b11-ott-11-4087] Moreover, miRNAs with abnormal expression levels are also involved in tumorigenesis and tumor progression.[@b12-ott-11-4087] Also, aberrant miRNAs have attracted a lot of attention regarding their diagnostic and prognostic value for various malignancies.[@b13-ott-11-4087],[@b14-ott-11-4087] Thus, identification of novel miRNAs, which can be used for outcome prediction, is important for breast cancer prognosis. A study by Liu et al[@b15-ott-11-4087] indicated that microRNA-19b (miR-19b) could promote tumorigenesis of breast cancer cells. However, data about the clinical significance of miR-19b have rarely been reported, until now.

In this study, we sought to assess the expression patterns of miR-19b in breast cancer tissues and cells, as well as its prognostic value for cancer patients. Additionally, the effects of miR-19b on biological behaviors of breast cancer cells were also analyzed.

Materials and methods
=====================

Patients and sample collection
------------------------------

This research was approved by the Ethics Committee of Shanxian Central Hospital. The experimental protocols were in accordance with the guidelines of the Ethics Committee of Shanxian Central Hospital. All patients signed informed consent. A total of 124 patients who were pathologically diagnosed as having breast cancer between October 2007 and February 2011 in Shanxian Central Hospital, were included in this study. None of the patients had received any preoperative therapy. One hundred and twenty-four paired breast cancer tissues and adjacent normal tissues were collected from the patients during surgery and snap frozen in liquid nitrogen for further analyses. The clinicopathological characteristics of the patients were recorded and listed in [Table 1](#t1-ott-11-4087){ref-type="table"}. Estrogen receptor (ER), progesterone receptor (PR), and HER-2 status were determined by immunohistochemistry analysis. After surgery, all patients were followed-up by means of a 5-year follow-up survey, during which the survival information of the patients was obtained by telephone.

Cell culture and transfection
-----------------------------

Human breast cancer cell lines MCF-7, BT474, MDA-MB-231, T47D, and a normal breast epithelial cell line MCF-10A were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). The four breast cancer cell lines were cultured in DMEM supplemented with 10% fetal bovine serum (FBS), and the MCF-10A was maintained in RPMI 1640 medium supplemented with 10% FBS. All the cells were kept at 37°C in a humidified incubator with 5% CO~2~.

The breast cancer cells were seeded in 24-well plates and cultured overnight, then transfected with miR-19b mimic, miR-19b inhibitor or the corresponding negative controls of mimic and inhibitor (mimic NC and inhibitor NC) using Lipofectamine 2000 (Thermo Fisher Scientific, Waltham, MA, USA) following the manufacturer's protocols. The miR-19b mimic, miR-19b inhibitor, and the NCs were purchased from Thermo Fisher Scientific.

RNA extraction and quantitative real time PCR (qRT-PCR)
-------------------------------------------------------

Total RNA in the tissues and cells were isolated using Trizol Reagent (Thermo Fisher Scientific). The absorbance of RNA at 260 and 280 nm was measured to evaluate the quality and concentration of the RNA. Only the RNA with an OD absorption (A)260/A280 ratio of close to 2.0 was used in the subsequent analyses.

Single stranded cDNA was synthesized from the RNA using a PrimeScript RT reagent kit (TaKaRa, Kyoto, Japan) in compliance with the manufacturer's instructions and then stored at −20°C. To estimate the expression of miR-19b, qRT-PCR was carried out using SYBR Green I Master Mix kit (Thermo Fisher Scientific) and 300 Real-Time PCR System (Thermo Fisher Scientific). In the reactions, *U6* was used as the internal control gene. The final relative expression of miR-19b was calculated using 2^−ΔΔCt^ method and normalized to *U6*.

MTT assay
---------

The proliferation of breast cancer cells was investigated using MTT assay. The stably transfected cells were seeded in a 96-well plate at a density of 4×10^5^ cells/well and incubated at 37°C in a humidified incubator with 5% CO~2~ for 3 days. An amount of 10 µL MTT (5 mg/mL) was added to each well every 24 hours and then incubated for a further 4 hours. After the incubation, the media were removed and 150 µL dimethylsulfoxide was added to the wells. The cell proliferation was evaluated by measuring the absorbance at 490 nm using a microplate reader. The MTT assay was repeated three times.

Transwell assay
---------------

Transwell assay was performed to examine the cell migration and invasion using Transwell chambers (8 µm pore size; Corning Incorporated, Corning, NY, USA). The membranes used for invasion analysis were coated with Matrigel (Corning Incorporated). The stably transfected cells (4×10^5^ cells/well) were seeded into the upper chamber with serum-free medium. The lower chamber was full of medium supplemented with 10% FBS, which served as the chemo-attractant. The chambers were incubated at 37°C for 48 hours, and the number of cells in the lower chambers were counted using light microscopy.

Western blot analysis
---------------------

The cells transfected with the corresponding vectors were lysed using RIPA buffer (Applygen, Beijing, China). The proteins in the lysates were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis and then transferred to polyvinylidene fluoride membranes (Corning Incorporated). The proteins were first blocked using 5% non-fat dry milk for 1 hour at room temperature and then incubated with primary antibodies (anti-PI3K, anti-p-PI3K, anti-AKT, anti-p-AKT, anti-CCND1) (Applygen) at 4°C overnight. The membranes were washed with tris buffered saline Tween, then incubated with secondary antibodies (Applygen) for 1 hour at room temperature. An electrochemiluminescence detection system was used to visualize the protein bands, and the protein expression levels were measured by Image-Pro Plus 6.0 software (Media Cybernetics, Rockville, MD, USA).

Statistical analysis
--------------------

The differences between groups were analyzed using Student's *t*-test or one-way analysis of variance (ANOVA). The relationship between expression of miR-19b and clinicopathological features was assessed using chi-squared test. Survival analysis was performed for breast cancer patients using Kaplan--Meier methods and log-rank test. Multivariate Cox regression analysis was carried out to confirm the prognostic value of miR-19b in cancer patients. All the statistical analyses were conducted using SPSS version 18.0 software (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA). Data used in these analyses were expressed as the mean ± SD. Statistical significance was set at *P*\<0.05.

Results
=======

Overexpression of miR-19b in breast cancer tissues and cell lines
-----------------------------------------------------------------

The expression of miR-19b measured by qRT-PCR was found to be upregulated in breast cancer tissues compared with the adjacent normal controls (*P*\<0.001, [Figure 1A](#f1-ott-11-4087){ref-type="fig"}). Moreover, miR-19b expression was further confirmed in breast cancer cell lines by qRT-PCR. As shown in [Figure 1B](#f1-ott-11-4087){ref-type="fig"}, the expression levels of miR-19b in the four breast cancer cell lines (MCF-7, BT474, MDA-MB-231, and T47D) were also higher than that in the normal cell line, MCF-10A (all *P*\<0.05).

Association of miR-19b expression with clinicopathological features of breast cancer patients
---------------------------------------------------------------------------------------------

In addition to the expression patterns of miR-19b, the study also focused on its relationship with clinicopathological characteristics of patients. MiR-19b expression was classified into low expression group (n=56) and high expression group (n=68) based on the mean miR-19b expression level (8.523). According to the chi-squared test, miR-19b expression was found to be associated with distant metastasis (*P*=0.010) and TNM stage (*P*=0.004). However, no significant correlation was identified between miR-19b expression and other clinical parameters (all *P*\>0.05, [Table 1](#t1-ott-11-4087){ref-type="table"}) such as age, tumor size, ER, PR, and HER-2 status.

Prognostic value of miR-19b expression for patients with breast cancer
----------------------------------------------------------------------

In the present study, the clinical significance of miR-19b in terms of breast cancer prognosis was investigated. The Kaplan--Meier survival curves, shown in [Figure 2](#f2-ott-11-4087){ref-type="fig"}, demonstrate that patients with high miR-19b expression had poor overall survival compared to those with low miR-19b expression (log-rank *P*=0.002). In addition, the clinical parameters and miR-19b expression were included in the multivariate Cox analysis to determine their influence on overall survival of cancer patients. The analysis results indicated that miR-19b expression hazard ratio (HR =2.560, 95% CI =1.130--5.796, *P*=0.024) and TNM stage (HR =2.079, 95% CI =1.033--4.186, *P*=0.040) were two independent prognostic factors for breast cancer ([Table 2](#t2-ott-11-4087){ref-type="table"}).

Effects of miR-19b on cell proliferation, migration, and invasion in breast cancer cells
----------------------------------------------------------------------------------------

To examine the functional role of miR-19b in tumor progression of breast cancer, miR-19b mimic, inhibitor, and the corresponding NCs were transfected into MCF-7 and MDA-MB-231 cells, which had extremely high miR-19b expression, to modulate the expression of miR-19b in vitro. The expression of miR-19b in the transfected cells was verified by qRT-PCR and was demonstrated to be significantly increased in the cells transfected with miR-19b mimic but decreased in those with miR-19b inhibitor compared with the NCs (all *P*\<0.001, [Figure 3A](#f3-ott-11-4087){ref-type="fig"}). The cell proliferation of MCF-7 and MDA-MB-231 cells, measured by MTT, was proven to be markedly promoted in cells transfected with miR-19b mimic, and suppressed in the cells with miR-19b inhibitor (all *P*\<0.05, [Figure 3B](#f3-ott-11-4087){ref-type="fig"}). Transwell analysis was used to assess cell migration and invasion abilities. As shown in [Figure 3C--F](#f3-ott-11-4087){ref-type="fig"}, overexpres-sion of miR-19b by miR-19b mimic significantly increased cell migration and invasion (all *P*\<0.05) but silencing of miR-19b by miR-19 inhibitor decreased the migration and invasion ability of both MCF-7 and MDA-MB-231 cells (all *P*\<0.05).

MiR-19b regulated PI3K/AKT signaling pathway in breast cancer cells
-------------------------------------------------------------------

To investigate the molecular mechanisms underlying the suppressor role of miR-19b in breast cancer, we studied the effects of miR-19b expression on PI3K/AKT signaling pathway, which is considered a crucial pathway during breast cancer development.[@b16-ott-11-4087] According to Western blot analysis, the expression of PI3K, p-PI3K, AKT, and p-AKT was examined. Besides, protein expression of CCND1, a downstream effector of PI3K/AKT, was also analyzed. The analysis results shown in [Figure 4](#f4-ott-11-4087){ref-type="fig"} revealed that the protein expression of p-PI3K, p-AKT, and CCND1 in transfected MCF-7 and MDA-MB-231 cells was obviously elevated by miR-19b overexpression (all *P*\<0.05) but was decreased by knockdown of miR-19b compared with the NCs (all *P*\<0.05). No significant alteration was found for the expression of total PI3K and AKT (all *P*\>0.05).

Discussion
==========

Breast cancer currently remains a serious health burden among women worldwide. Despite great progress regarding various treatment options, improvements in prognosis and overall survival of patients suffering from breast cancer have been limited.[@b17-ott-11-4087] Emerging research indicates that biomarkers used for diagnosis and prognosis exhibit high potential to improve outcomes of cancer patients.[@b18-ott-11-4087]--[@b21-ott-11-4087] In recent studies, miRNAs have received more and more attention for their high diagnostic and prognostic significance in a variety of human malignancies.[@b22-ott-11-4087] The aberrant expression of miRNAs has been detected in tumor samples, and usually has pivotal roles during tumor progression.[@b23-ott-11-4087],[@b24-ott-11-4087] In breast cancer, some functional miRNAs have also been identified. For instance, overexpression of miR-203 has been found in breast cancer tissues, which could significantly enhance cancer cell proliferation.[@b25-ott-11-4087] Expression of miR-150 has been found to be decreased in triple-negative breast cancer tissues, and might suppress cell migration by downregulation of HMGA2.[@b26-ott-11-4087] In addition, Li et al reported that miR-329 expression was downregulated in breast cancer tissues, and served as a candidate biomarker for breast cancer diagnosis and prognosis.[@b27-ott-11-4087] All this previous research indicates that it is important to investigate the clinical value and functional role of miRNAs for the improvement of breast cancer treatment.

In the present study, we examined the expression patterns of miR-19b in breast cancer tissues and cell lines. The expression of miR-19b has never been studied in some human cancers. For example, Ohira et al[@b28-ott-11-4087] reported that miR-19b expression was significantly increased in melanoma cells compared with normal melanocyte cells. The upregulated expression of miR-19b has also been identified in osteosarcoma cells, and exerted cancer-promoting effects in this malignancy.[@b29-ott-11-4087] In breast cancer, the expression of miR-19b has also been investigated and was demonstrated to be elevated in tumor tissues compared with the normal controls.[@b30-ott-11-4087] Similarly, the results of our research revealed that miR-19b expression, measured by qRT-PCR, was markedly higher in breast cancer tissues than in the matched normal tissues. The expression results in breast cancer cells were inconsistent with the tissues, which also showed increased miR-19b expression levels in cancer cell lines compared with the normal cells. Moreover, the expression of miR-19b was found to be associated with distant metastasis and TNM stage of breast cancer patients. Considering these results, miR-19b might serve as an oncogene, and play a crucial role during tumor development of breast cancer.

Based on the altered miR-19b expression in breast cancer, we further analyzed the clinical value of miR-19b in breast cancer prognosis. According to the Kaplan--Meier survival analysis, we observed that patients with high miR-19b expression had a shorter survival time than those with low miR-19b expression, suggesting that overexpression of miR-19b might be closely correlated with poor overall survival of breast cancer patients. Furthermore, multivariate Cox regression analysis results showed that the expression of miR-19b was an independent prognostic factor of patients with breast cancer. In addition to breast cancer, the prognostic significance of miR-19b has also been reported in other malignancies. A study by Wu et al[@b31-ott-11-4087] indicated that upregulated expression of miR-19b was associated with poor survival and acted as a candidate prognostic biomarker in non-small-cell lung cancer. Besides, elevated miR-19b expression has also been demonstrated to be related to poor prognosis and disease recurrence in patients with myeloid leukemia.[@b32-ott-11-4087]

To uncover the functional role of miR-19b in the progression of breast cancer, the effects of miR-19b on breast cancer cell proliferation, migration, and invasion were explored by regulating miR-19b expression using miR-19b mimic and inhibitor. In two breast cancer cell lines, MCF-7 and MDA-MB-231, we found that the overexpression of miR-19b by miR-19b mimic could promote cell proliferation, migration, and invasion. Conversely, cell proliferation, migration, and invasion were all inhibited by reduction of miR-19b in breast cancer cells. Collectively, we considered that miR-19b could promote tumor progression in breast cancer.

The tumor-promoting activity of miR-19b has been shown in other human cancers. A study by Xu et al[@b33-ott-11-4087] revealed that expression of miR-19b was upregulated in cervical cancer and was associated with enhanced cancer cell proliferation and invasion. The overexpression of miR-19b has also been reported to promote cell proliferation of prostate cancer cells by regulating PI3K/AKT pathway.[@b34-ott-11-4087] However, the precise mechanisms of the role of miR-19b in breast cancer remain elusive. In the current work, we investigated the expression of proteins involved in PI3K/AKT pathway, which represents pivotal signaling in the pathogenesis of cancers.[@b35-ott-11-4087],[@b36-ott-11-4087] As shown by Western blot analysis, protein expression of p-PI3K, p-AKT, and CCND1 was upregulated in cells with overexpression of miR-19b, suggesting that PI3K/AKT signaling pathway might be activated by miR-19b ([Figure 5](#f5-ott-11-4087){ref-type="fig"}). However, the detailed mechanisms underlying the relationship between miR-19b and PI3K/AKT pathway were not assessed in the present study and need to be investigated in further studies.

Conclusion
==========

Our data in this research revealed that upregulated expression of miR-19b serves as a candidate prognostic biomarker and is associated with distant metastasis and TNM stage in breast cancer. MiR-19b may promote cell proliferation, migration, and invasion via the PI3K/AKT pathway, and has the potential to be used in targeted therapy in breast cancer.
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![Expression of miR-19b, measured by qRT-PCR, in breast cancer tissues and cell lines.\
**Notes:** (**A**) miR-19b expression was upregulated in breast cancer tissues compared with adjacent normal controls (^\*\*\*^*P*\<0.001). (**B**) The expression of miR-19b was higher in the breast cancer cell lines than that in the normal breast cells (^\*^*P*\<0.05, ^\*\*^*P*\<0.01 and ^\*\*\*^*P*\<0.001).\
**Abbreviations:** miR-19b, microRNA-19b; qRT-PCR, quantitative real time PCR.](ott-11-4087Fig1){#f1-ott-11-4087}

![Kaplan--Meier survival analysis of breast cancer patients based on the expression of miR-19b.\
**Note:** Patients with high miR-19b expression had a shorter survival time than those with low miR-19b expression (log-rank *P*=0.002).\
**Abbreviation:** miR-19b, microRNA-19b.](ott-11-4087Fig2){#f2-ott-11-4087}

###### 

Effects of miR-19b on cell proliferation, migration, and invasion in MCF-7 and MDA-MB-231 cells.

**Notes:** (**A**) In the two cell lines, expression of miR-19b was significantly increased by miR-19b mimic but was decreased by miR-19b inhibitor compared with the corresponding NCs (^\*\*\*^*P*\<0.001). (**B**) Cell proliferation was enhanced by overexpression of miR-19b but was suppressed by knockdown of miR-19b in both MCF-7 and MDA-MB-231 cells (^\*^*P*\<0.05 and ^\*\*^*P*\<0.01). (**C**) The results of migration analysis for MCF-7 and MDA-MB-231 cells. (**D**) The results of invasion assay for MCF-7 and MDA-MB-231 cells. (**E**, **F**) Overexpression of miR-19b by miR-19b mimic could promote the cell migration and invasion, but the downregulated miR-19b expression could inhibit the cell migration and invasion (^\*^*P*\<0.05, ^\*\*^*P*\<0.01, and ^\*\*\*^*P*\<0.001).

**Abbreviations:** miR-19b, microRNA-19b; NC, negative control.

![](ott-11-4087Fig3)

![](ott-11-4087Fig3a)

![PI3K/AKT signaling pathway was regulated by miR-19b expression in breast cancer cells.\
**Notes:** (**A**) The Western blot results of proteins involved in PI3K/AKT signaling pathway in MCF-7 cells. (**B**) The Western blot results of proteins involved in PI3K/AKT signaling pathway in MDA-MB-231 cells. (**C**--**G**) The densitometric analysis for the blots revealed that the protein expression levels of p-PI3K, p-AKT, and CCND1 were elevated by miR-19b overexpression but were decreased by reduction of miR-19b in both MCF-7 and MDA-MB-231 cells. The total PI3K and AKT protein expression had no obvious alterations (^\*^*P*\<0.05).\
**Abbreviations:** miR-19b, microRNA-19b; NC, negative control.](ott-11-4087Fig4){#f4-ott-11-4087}

![Schematic model of miR-19b-mediated promotion of progression of breast cancer.\
**Abbreviation:** miR-19b, microRNA-19b.](ott-11-4087Fig5){#f5-ott-11-4087}

###### 

Association of miR-19b with the clinicopathological features of breast cancer patients

  Features             Total N=124   miR-19b expression   *P*-value   
  -------------------- ------------- -------------------- ----------- ---------------------------------------------------
  Age (years)                                                         0.647
   ≤50                 46            22                   24          
   \>50                78            34                   44          
  Tumor size (cm)                                                     0.470
   ≤3                  62            30                   32          
   \>3                 62            26                   36          
  ER expression                                                       0.342
   Negative            74            36                   38          
   Positive            50            20                   30          
  PR expression                                                       0.284
   Negative            71            35                   36          
   Positive            53            21                   32          
  HER-2 expression                                                    0.075
   Negative            78            40                   38          
   Positive            46            16                   30          
  Distant metastasis                                                  0.010[\*](#tfn1-ott-11-4087){ref-type="table-fn"}
   Negative            85            45                   40          
   Positive            39            11                   28          
  TNM stage                                                           0.004[\*](#tfn1-ott-11-4087){ref-type="table-fn"}
   I--II               62            36                   26          
   III--IV             62            20                   42          

**Note:**

*P*\<0.05.

**Abbreviations:** miR-19b, microRNA-19b; ER, estrogen receptor; PR, progesterone receptor.

###### 

Multivariate Cox regression analysis for miR-19b in breast cancer patients

  Variables            Multivariate analysis                  
  -------------------- ----------------------- -------------- ---------------------------------------------------
  miR-19b              2.560                   1.130--5.796   0.024[\*](#tfn3-ott-11-4087){ref-type="table-fn"}
  Age (years)          1.129                   0.581--2.193   0.721
  Tumor size           1.061                   0.535--2.104   0.866
  ER expression        1.084                   0.524--2.245   0.828
  PR expression        1.004                   0.516--1.954   0.991
  HER-2 expression     1.015                   0.510--2.020   0.967
  Distant metastasis   1.351                   0.629--2.902   0.441
  TNM stage            2.079                   1.033--4.186   0.040[\*](#tfn3-ott-11-4087){ref-type="table-fn"}

**Note:**

*P*\<0.05.

**Abbreviations:** miR-19b, microRNA-19b; ER, estrogen receptor; PR, progesterone receptor.
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